INTRODUCTION
Irritable bowel syndrome (IBS) during childhood is a common and chronic functional GI disorder that affects quality of life and has a prevalence of 2% to 24% worldwide. 1 IBS is characterized by abdominal pain or discomfort associated with changing bowel habits, including the frequency of defecation and stool consistency, in the absence of an organic disease. 2 The pathophysiology of IBS is not completely understood; however, dysregulation of the brain-gut axis is believed to lead to IBS. 3 Various central and peripheral mechanisms are indiwww.irjournal.org phils, monocytes, and macrophages. Fecal calprotectin (FC) reflects the increased migration of neutrophils due to inflammation of the intestinal mucosa. [11] [12] [13] FC is a useful marker to quantify intestinal inflammation, and FC concentrations are significantly increased in patients with IBD. The correlation of FC with clinical disease activity helps distinguish IBD from noninflammatory or functional bowel conditions such as IBS with high sensitivity and specificity. [12] [13] [14] [15] [16] Currently, FC concentrations < 50 μg/g are considered normal. 17 FC concentrations greater than 200 μg/g measured with high sensitivity and specificity are considered to indicate the presence of an endoscopically active state of IBD. 11, 15 However, no publications directly comparing FC concentrations among different types of patients with IBS, including children and adults, are available.
The aims of this study were to evaluate differences in the FC concentration and the presence of PI-IBS among pediatric patients with 4 subtypes of IBS and healthy controls (HCs).
METHODS

Study Participants
This prospective study was performed in the Department of Pediatric Gastroenterology, Bundang CHA Medical Center, South Korea. We included a total of 172 children (73 girls and 99 boys) aged 4 to 16 years who were diagnosed with IBS using the pediatric Rome III criteria for IBS 17, 18 and visited the Department of Pediatric Gastroenterology, Bundang CHA Medical Center between January 1, 2014, and December 31, 2016. In addition, 56 healthy children of the same age group who participated as volunteers for this study were recruited during the same period and assigned to the control group. All participants and their parents or guardians answered a questionnaire regarding several demographic and clinical characteristics, such as the frequency of defecation and stool consistency. Children or their caregivers (in cases of children who were not yet able to read and write) kept a 2-week pain and stool diary. Abdominal pain or discomfort ratings were determined 4 times per day (awakening, after lunch, evening, and sleep) during the 2-week period.
The exclusion criteria included several conditions that could influence the movement or environment of the GI tract, for example, acute gastroenteritis, other GI tract disorders such as gastroesophageal reflux, Helicobacter pylori infection, or colon polyps, and the use of antibiotics, probiotics, NSAIDs, or steroids within 1 month of stool sampling, as well as a history of abdominal surgery or other congenital conditions. In addition, we excluded children with a history of preterm birth (gestational age < 36 weeks), low or high birth weight or a small or large percentile of weight for age ( < 3rd percentile or > 97th percentile) or those who had positive stool results for a viral or bacterial infection confirmed via PCR or stool culture. In total, 11 patients were excluded, and 4 did not provide stool samples.
Finally, stool samples (n = 213, 94 girls and 119 boys) were obtained from 157 children with IBS and 56 HCs (Fig. 1 study was approved by the Ethical Committee of the Bundang CHA Medical Center (IRB No. BD2015-008). Written informed consent was obtained from the parents or guardians of the children participating, and a consent form was provided by all children aged 6 years and older.
Subtypes of IBS and PI-IBS
Classification of IBS into different subtypes was based on previous recommendations for IBS in adults as no pediatric Rome subtype criteria for children exist (Table 1 ). 2, 18 The stools from our patients were compared to the Bristol Stool Scale, a validated stool form scale that divides defecation into 7 grades according to stool cohesion and surface cracking and evaluates constipation. Patients with stools corresponding to type I (small, hard, and lump patterns that look like goat feces) and type II (several hard lumps that look like goat feces and form clusters) are considered to have constipation (hard stool). On the other hand, patients with stools corresponding to type VI (fluffy pieces with ragged edges, mushy stool) and type VII (watery, no solid pieces, entirely liquid) are considered to have diarrhea (loose stool). Patients were subtyped as having IBS-D (hard < 25% and loose ≥ 25%), IBS-C (hard ≥ 25% and loose < 25%), IBS-M (hard or loose ≥ 25%) or IBS-U (unsubtyped). 2 PI-IBS is defined as new acute onset of IBS following an episode of acute gastroenteritis characterized by any 2 of the following: diarrhea, vomiting, fever, and stool culture positivity for an infectious agent meeting the Rome III diagnostic crite-ria for IBS. 10 
Stool Sample Collection and FC Measurement
A stool sample weighing at least 5 g was collected into a sterile plastic container within 3 days of visiting us and was transferred to us on the same or next day and immediately processed. When the analyses could be performed after storage, the samples were stored frozen at -20°C. We measured FC quantitatively using a commercially available fluorescence enzyme immunoassay (FEIA; Green Cross Laboratories, Yongin, Korea). The supernatant of a centrifuged solution containing 0.2 g of stool was used to assess the calprotectin level using ImmunoCAP 250 (Phadia-Thermo Scientific, Uppsala, Sweden), with a lower detection limit of 11.5 μg/g and an upper detection limit of 2,000 μg/g.
To evaluate GI infection, a multiplex viral and bacterial stool PCR was performed for all the stool samples. Cases with a positive result were excluded. When the FC concentration was > 200 μg/g, laboratory tests, including those for inflammatory markers such as CRP and ESR, and a colonoscopy with biopsies of the intestinal mucosa were performed within 1 or 2 weeks of receiving the results of initial stool sampling. The FC concentration was also measured 4 weeks after the initial fecal sampling without any medication use, and a number of IBS patients who had FC levels over 200 μg/g had no changes in their IBS subtypes during the 4 weeks, but the data were not included in the results of this study. Type VI (fluffy pieces with ragged edges and mushy stool) and type VII (watery, no solid pieces, and entirely liquid) from the Bristol Stool Scale. www.irjournal.org
Statistical Analysis
All statistical analyses were conducted using SPSS version 20 (IBM Corp., Armonk, NY, USA). Normally distributed data are shown as the mean ± SD. For dichotomous data, differences in the baseline values between 2 groups were statistically tested using a chi-square test or Fisher exact test. For continuous data, the independent t-test or Mann-Whitney test and oneway ANOVA were carried out. FC concentrations are presented as the mean ± SD and range. Multiple comparisons of the FC concentration between different patient groups and HCs were analyzed using a one-way ANOVA followed by the Dunnett test or Scheffe test and Kruskal-Wallis analysis. A P-value < 0.05 was considered statistically significant. Table 2) .
RESULTS
The mean concentration of FC was significantly higher in the children with IBS than in the HCs (83.50 ± 164.74 and 17.77 ± 10.92 μg/g, P < 0.001). In the comparison of FC concentrations according to the subtypes of IBS (IBS-D, IBS-C, IBS-M, and IBS-U), the FC concentration in IBS-D stools had the highest mean value, followed by IBS-M, IBS-U, and IBS-C stools, and these differences were statistically significant ( Table 3 ). In children with IBS-D (n = 54), the mean FC concentration was 169.94 μg/g, representing the highest concentration among all subtypes of IBS and the only concentration above the cutoff value (50 μg/g).
In addition, the highest FC concentration in the IBS-D subgroup was 1,243.7 μg/g, which was the peak level in all participants. In contrast, the mean FC concentrations in children with IBS-M, IBS-C, and IBS-U were lower (45.04, 31.22, and 33.52 μg/g, respectively), below the normal cutoff level, and similar to the mean FC concentration in the HC group. Fig. 2 shows the distributions of FC concentrations according to each subtype of IBS and in the HCs. In the HCs, the FC concentration did not rise above 50 μg/g, which is the cutoff value for the normal FC level; the highest FC level among the HCs was 45.3 μg/g. On the other hand, 34.4% of the children with IBS (n = 54) had an FC concentration above 50 μg/g. Furthermore, 10.2% of the children with IBS (n = 16; 14 IBS-D and 2 IBS-M) were found to have an FC concentration > 200 μg/g, which is known to be related to the active phase of IBD. These 16 patients had no specific results with regard to medical history and laboratory evaluation except for high FC levels. As many as 55.6% (n = 30) of the children with IBS-D had an FC concentration > 50 μg/g, and 25.9% (n = 14) had an FC concentration > 200 μg/g. Among the children with IBS-C, 32.4% (n = 12) had FC concentrations > 50 μg/g; however, the maximum FC value was 91.6 μg/g. Of the children with IBS, 12.7% (n = 20) had manifestations of PI-IBS. No significant differences in sex or age were found between the patients with PI-IBS and those with non-PI-IBS. The mean concentrations of FC in the patients with PI-IBS and non-PI-IBS were 368.24 ± 332.64 and 41.93 ± 44.81 μg/g, respectively. Table 4 shows the proportion of PI-IBS in each of the 4 IBS subtypes. Among our IBS patients with high FC concentrations ( > 200 μg/g), 93.8% (n = 15) had manifestations of PI-IBS, and all 3 patients in the IBS-D group with extremely high FC concentrations ( > 1,000 μg/g) had manifestations of PI-IBS.
DISCUSSION
This study aimed to evaluate differences in the FC concentration and the presence of PI-IBS among pediatric patients with 4 subtypes of IBS and HCs. This is the first study to compare the FC concentration between patients with IBS and HCs and among the 4 IBS subtype (IBS-D, IBS-C, IBS-M, and IBS-U) in a pediatric population. In the present study, children with IBS had a higher FC concentration than the HCs. In particular, the mean FC concentration in the IBS-D group was above the normal FC cutoff value and was higher than those in the HCs and children with other IBS subtypes. The IBS-D group also showed significant correlations with PI-IBS in contrast to the other subtypes of IBS.
Numerous controlled studies have shown that FC is a useful marker of intestinal inflammation, particularly because its concentration seems to be unaffected by inflammation outside the GI tract. [11] [12] [13] The Buhlmann calprotectin assay yields the following threshold values for adults and children aged 4 to 17 years: normal value < 50 μg/g; mild organic disease 50-200 μg/g; and active organic disease > 200 μg/g. 19 Although FC may also increase in other types of inflammation, such as colon cancer and bacterial inflammation, or when taking various medications such as NSAIDs or steroids, it correlates significantly with the endoscopic and histological activity of IBD. 13 Therefore, pediatric gastroenterologists have been particularly interested in the use of FC as a diagnostic tool to distinguish organic disease from functional disorders, which may help minimize the use of invasive procedures such as colonoscopy in children. Several studies have investigated the FC concentration in patients with IBS to prove the applicability of FC as a diagnostic marker for distinguishing healthy individuals or patients with IBS from patients with IBD; FC concentrations in patients with suspicious or remised IBD were significantly higher than those in healthy individuals or patients with IBS. 9, 14 However, in the present study, 34.4% of the children with IBS (n = 41) had an FC concentration above the normal cutoff value (50 μg/g), and 10.2% of the children with IBS-D or IBS-M had very high FC concentrations > 200 μg/g. This finding contrasts with the results of previously published studies in which both patients with IBS and HCs were shown to have FC concentrations below the cutoff value, unlike patients with IBD. 9, 12 Although studies of pediatric patients with functional IBS are abundant, few studies have investigated FC in the pediatric population. In particular, no research comparing FC concentrations between IBS patients and HCs has been performed in children/adolescents. However, a recent study reported that the mean FC level in adult patients with PI-IBS was significantly higher than the cutoff value and that in a control group without digestive symptoms (90.5 ± 180 μg/g vs. 24.3 ± 16.1 μg/g, P < 0.01). 20 The results of our study also showed that the mean FC concentration in the PI-IBS group was higher than 50 μg/g. We remeasured the FC level in children with IBS who exhibited an FC > 200 μg/g after 4 weeks and found that the level had decreased to the normal range below the cutoff value, and these children were confirmed to have IBS rather than IBD by colonoscopy. IBS is generally regarded as a multifactorial disorder involving a host and environmental factors. It is one of the most common functional GI disorders in both children and adults. 6, 8 The clinical symptoms or signs of IBS depend on the contributions of various factors, such as low-grade intraluminal inflammation, immune activation, enteric neuromuscular dysfunction, and brain-gut axis dysregulation, 4-6 enabling categorization of IBS into several subtypes, including IBS-D, IBS-C, IBS-M, and IBS-U. 8 Notably, impaired intestinal permeability due to altered tight junctions in the luminal mucosa or immune activation is connected with low-grade intestinal inflammation, which is associated with visceral hypersensitivity. 5 This mechanism has recently been described and verified by several clinical studies on IBS and IBD. Impaired intestinal permeability was reported to be related to the severity of abdominal pain in patients with IBS and was more pronounced in IBS-D subtype patients than in patients with other subtypes of IBS 5,6 and patients with PI-IBS. 10 Furthermore, patients with IBS with impaired intestinal permeability were more likely to report increased stool frequency. 21 In many cases, patients with IBS and IBD share subtle symptoms such as abdominal pain, diarrhea, and constipation; therefore, clinicians experience difficulty in distinguishing between IBS and IBD. 14, 22 In the present study, the patients with a very high concentration of FC ( > 200 μg/g) were confirmed to have IBS and not IBD by remeasurement of the FC concentration and by colonoscopy. The low-grade chronic intestinal inflammation observed in IBS is also observed in IBD. The results of this investigation provide evidence that low-grade chronic intestinal inflammation and alterations in intestinal permeability play roles in the pathogenic pathways of IBS via FC. FC is the most sensitive marker of the intestinal state; the concentration of FC in some children with IBS in the present study, especially those with IBS-D or PI-IBS, was increased as a consequence of these pathologies.
This study has a few limitations. First, the sample size was relatively small for comparisons of each subtype of IBS with the HC group. Furthermore, although intestinal dysbiosis and altered intestinal permeability are considered critical mechanisms in intestinal inflammation, 9, 23 we could not analyze the fecal microbiota from our fecal samples and did not evaluate intestinal permeability. Our contrasting results are likely to show some novel features of childhood IBS, despite the small sample size. Although there are many pediatric patients with functional IBS, few FC studies have been performed in the pediatric population. Particularly, no study has looked at IBS and HC in children/adolescents. To resolve the above issues, further studies with larger sample sizes and long-term follow-ups of children with IBS with high FC concentrations that are based on recent diagnostic criteria are required. Therefore, we are further assessing the FC levels in these IBS patients and reviewing their clinical courses to prepare a larger report on these findings. IBS subtyping is considered as an essential part of future research, and it could be influenced by various individual and environmental characteristics or interactions with the microbiota in the intestine as children grow toward adulthood. Studies of pediatric IBS should evaluate more than just FC levels and the microbiome.
In conclusion, FC is known to serve as an appropriate marker to distinguish IBS from organic diseases such as IBD; however, we found that some pediatric patients with IBS had a high FC concentration similar to that observed in patients with IBD, particularly those with the IBS-D subtype or PI-IBS. These patients require more detailed examinations, close observation, and follow-up than do those without high FC levels. Furthermore, IBS pediatric patients with high FC levels and their caregivers are more likely to agree with further more invasive evaluations, if warranted.
Therefore, in clinical practice, we suggest that the FC concentration should be measured in pediatric patients with IBS and in those with an FC concentration above the normal cutoff value. The clinical symptoms of IBS-D or PI-IBS should be clarified and evaluated, and FC should be measured repeatedly at stated intervals.
